La 3 Ir 2 is formed upon reaction of the elements at 1273 K in a sealed silica ampoule. The structure was refined from single-crystal X-ray diffractometer data: Er 3 Ni 2 -type structure, R3, a = 895.26(2), c = 1713.01(5) pm, wR = 0.0578, 766 F 2 values, 25 variables. The structure is composed of two simple basic building units: slightly distorted La1@La3 6 La2 2 cubes resembling the tungsten structure and Ir 2 @La1 1 La2 2 La3 5 units with an AlB 2 -related coordination (298 pm Ir-Ir in the dumb-bell). Each cube is coordinated by six of the AlB 2 units. The relationship with the U 3 Si 2 -type structure is discussed.
Introduction
Two propositions for the La-Ir phase diagram have been published [1 -4] , summarizing the work on the binary La x Ir y phases which cover the broad range of compositions from lanthanum-rich La 4 Ir to iridiumrich La 2 Ir 17 [1, 5 -14] . Uncertainties remain for the iridium-richest phase La 2 Ir 17 as well as for La 3 Ir 2 . The synthetic work is certainly hampered by the drastically different melting points of lanthanum (1194 K) and iridium (2683 K) [15] along with the low chemical reactivity of iridium.
The phase of composition La 3 Ir 2 was placed in the La-Ir phase diagram in the early work by Dmitrieva et al. [1] , however, no lattice parameters had been published. In the current version of the phase diagram (Massalski compilation) [3] , La 3 Ir 2 is no longer listed. Instead, La 5 Ir 3 with Pu 5 Rh 3 -type structure is reported. Nevertheless, the liquidus and solidus curves in that composition range are still uncertain.
During our recent systematic studies on rare earth (RE)-rich phases RE 5 Ir 2 X with X = Sb, Bi [16] we also studied the solid solution La 5 Ir 2−x Sb 1+x which exhibits the orthorhombic β -Yb 5 Sb 3 -type structure, space group Pnma with x ranging from 0 to 1.5. During the synthesis of the binary phase from a sample with the initial composition 5La : 3Ir we obtained wellshaped single crystals of the La 3 Ir 2 phase initially correctly placed in the phase diagram. The synthesis and structure of this rhombohedral Er 3 Ni 2 -type [17] phase are reported in the present note.
Experimental

Synthesis
Starting materials for the synthesis of the La 3 Ir 2 sample were lanthanum ingots (smart elements) and iridium powder (Agosi), both with stated purities better than 99.9 %. Filings of lanthanum were prepared under paraffin oil, washed with cyclohexane (both dried over sodium wire) and stored in a Schlenk tube under argon prior to use. The argon was purified with a titanium sponge (900 K), molecular sieves and silica gel. Lanthanum filings and iridium powder were subsequently mixed in the atomic ratio of 5 : 3 and finely ground under cyclohexane in a mortar. The powder was coldpressed to a small pellet and sealed in an evacuated silica ampoule. The ampoule was placed in a muffle furnace, heated to 1023 K within 48 h, then heated to 1273 K within 96 h and kept at this temperature for another 96 h. Finally the sample was cooled to r. t. within 48 h. The resulting darkgray sample is slightly moisture sensitive and was kept in a Schlenk tube. Direct melting reactions of the elements in an arc-melting or induction furnace did not result in La 3 Ir 2 .
X-Ray diffraction
The polycrystalline sample was studied by powder X-ray diffraction using the Guinier technique: imaging plate detector (Fujifilm BAS-1800), CuK α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. The La 3 Ir 2 lattice parameters (Table 1) were refined on the basis of the Guinier data by a least-squares refinement. The experimental pattern was compared to a calculated one [18] to ensure correct indexing. The single-crystal and powder lattice parameters agreed well.
Small block-shaped single crystals of La 3 Ir 2 with conchoidal fracture were selected from the crushed annealed sample. The crystals were glued to quartz fibers using beeswax. The beeswax coating was sufficient for protection against hydrolyses. The quality of the crystals was checked Note on a Buerger camera (using white Mo radiation). Intensity data were collected on a Stoe IPDS-II image plate system (graphite-monochromatized Mo radiation; λ = 71.073 pm) in oscillation mode. A numerical absorption correction was applied to the data set. Details of the data collection and the crystallographic parameters are listed in Table 1 .
EDX data
Semiquantitative EDX analyses of the single crystal studied on the diffractometer were carried out in variable pressure mode with a Zeiss EVO ® MA10 scanning electron microscope with LaB 6 and Ir as standards. The experimentally observed average composition (59±2 at.-% La : 41±2 at.-% Ir) was close to the ideal one. No impurity elements heavier than sodium (detection limit of the instrument) were detected. The standard deviation accounts for the various point analyses on the irregular block-shaped crystal.
Structure determination and refinement
Analyses of the La 3 Ir 2 data set revealed a rhombohedral lattice and no further systematic extinction conditions, leading to the possible space groups R3, R32, R3m, R3, and R3m, of which the centrosymmetric group R3 was found correct during structure refinement. The starting atomic parameters were deduced using the charge-flipping algorithm of SU-PERFLIP [19] , and the structure was refined with anisotropic displacement parameters for all atoms with JANA2006 [20] . Separate refinements of the occupancy parameters gave no hint for deviations from the ideal composition. All sites were fully occupied within two standard deviations. The final difference Fourier syntheses revealed no residual peaks. The refined atomic positions, displacement parameters, and interatomic distances are given in Tables 2 and 3 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// www.fiz-karlsruhe.de/request_for_deposited_data.html) on quoting the deposition number CSD-428057.
Discussion
The solution of the La 3 Ir 2 structure revealed the Pearson code hR45 with the Wyckoff sequence f 2 ca. Inspection of the Pearson data base [21] readily indicated isotypism with Er 3 Ni 2 [17] . A cutout of the large unit cell is presented in Fig. 1 , and the basic building units are emphasized in Fig. 2 . Each La1 atom has two La2 and six La3 neighbors in slightly distorted cubic coordination. This slab readily reminds of the tungsten structure. The iridium atoms form dumb-bells, and each of these atoms has slightly distorted trigonal-prismatic lanthanum coordination, similar to the well-known AlB 2 -type structure. Each of the lanthanum-centered cubes is condensed to six of the AlB 2 -related slabs. In the structurally closely related series of U 3 Si 2 -type intermetallics [22] (exemplarily shown for Y 3 Au 2 [23] ), only four AlB 2 slabs coordinate to the cubes, and these units are stacked through common square and triangular faces. Due to the six coordinating AlB 2 slabs, the condensation pattern in La 3 Ir 2 is much more complex (Fig. 2) .
The shortest interatomic distances in the La 3 Ir 2 structure occur for La-Ir, ranging from 293 to 336 pm. The shorter ones compare well with the sum of the co- Fig. 1 . Cutout of the rhombohedral La 3 Ir 2 structure, space group R3. Lanthanum and iridium atoms are drawn as medium grey and black circles, respectively. Approximately one layer of condensed distorted cubes (around lanthanum) and trigonal prisms (around the Ir 2 dumb-bells) is emphasized.
valent radii for lanthanum and iridium of 295 pm [15] , indicating substantial La-Ir bonding. Similar iridiumcentered trigonal lanthanum prisms occur in La 4 IrMg (295 -296 pm La-Ir) [24] with cubic Gd 4 RhIn-type structure [25] . The iridium dumb-bells have an IrIr distance of 298 pm, significantly longer than in fcc iridium (272 pm) [26] . Such weak Ir-Ir interactions typically occur also in iridium-rich phosphides like La 5 Ir 19 P 12 (282 -296 pm) [27] or Y 7 Ir 17 P 12 (274 -286 pm) [28] .
Considering the comparatively large electronegativity (Pauling scale) differences between lanthanum (1.10) and iridium (2.20) , one can expect a significant charge transfer from lanthanum to iridium, resulting in highly polar La-Ir as well as Ir-Ir bonding in La 3 Ir 2 , similar to the isotypic platinide Ba 3 Pt 2 [29] . A difference between these two phases concerns the volume contraction with respect to the constituting elements: -5.5 % for La 3 Ir 2 but -24.9 % for Ba 3 Pt 2 . Similar high contractions also occur for the palladium-, silver-, and gold-containing representatives [30 -34] while isoelectronic La 3 Rh 2 [35] shows a value of -5.2 %. The higher electronegativity difference in Ba 3 Pt 2 [29] and Ba 3 Au 2 [33] accompanied by relativistic effects of Pt-Pt and Au-Au bonding account for these differences.
Finally we draw back to the La-Ir phase diagram. The present structure refinement clearly confirms La 3 Ir 2 , originally correctly reported by Dmitrieva et al. [1] , although without crystallographic data at [23] . Rare earth and transition metal atoms are drawn as medium-grey and black circles, respectively. The rare earth cubes and the transition metal dumb-bells are emphasized, and the crystallographically independent rare earth sites are indicated. that time. Our phase-analytical studies on these binaries have also shown the equiatomic phase LaIr as a by-product, most likely crystallizing with the FeB type. Further investigations on this phase are in progress.
